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ABSTRAK 
Kajian penerokaan ini bertujuan menyiasat prima facie bahawa terdapat banyak retakan 
pada elemen struktur rumah pasca pengubahsuaian disebabkan kelekaan dan pengamal 
binaan tidak mahir dalam aspek pengubahsuaian rumah di Daerah Kota Samarahan, 
Sarawak. Seramai 67 responden telah dipilih secara rawak dalam kajian ini. Lima faktor 
utama telah mempengaruhi kecacatan rumah pasca pengubahsuaian iaitu pengabaian 
kepada keperluan pelan struktur rumah, tempoh pembinaan, pemadatan tanah, 
penyelenggaraan dan penglibatan penuh pengurus projek semasa proses pengubahsuaian 
dijalankan. Kajian ini dijalankan berdasarkan penilaian visual menggunakan lndeks 
Kecacatan Rumah (]KR) dan Penilaian Kondisi Bangunan (PKB) untuk menilai 642 kes 
kecacatan fizikal. Sebanyak 382 garis lebar retak pada struktur dan dinding bata dinilai 
menggunakan kaedah ujian yang tidak merosakkan iaitu menggunakan peralatan 
Ultrasonic Pulse Velocity dan Rebound Hammer untuk mengenal pasti prestasi struktur 
rumah. Didapati secara puratanya saiz lebar retak adalah 0.5785 yang merupakan satu 
nilai dalam kategori baik berdasarkan British Standard 1881 .  Langkah-langkah 
pemulihan segera atau penggantian perlu dilakukan ke atas enam unit rumah yang 
berkondisi kritikal, pembaikan perlu dilakukan pada 25 unit rumah berprestasi sederhana 
dan selebihnya hanya langkah pemantauan rutin diperlukan untuk memastikan kecacatan 
tidak rnerebak, Keputusan kajian ini mendapati bahawa apabila lebar retak struktur 
melebihi 2.0 mm maka prestasi kekuatan mampatan konkrit kurang daripada 20 MPa dan 
nilai PY <3.0 km/s adalah berkondisi kritikal. Kajian menunjukkan bahawa rumah pasca 
pengubahsuaian adalah berprestasi sederhana kekukuhanya, ini bermaksud bahawa 
rangka kerja bagi proses pengubahsuaian perlu diwujudkan. Kajian ini mencadangkan 
bahawa masyarakat harus didedahkan kepada pengetahuan forensik bangunan dan pihak 
berwajib harus bertegas dalam penguatkuasaan peraturan sedia ada. 
Kata Kunci: kecacatan struktur, pasca pengubahsuaian, indeks kecacatan rumah, 
penilaian kondisi bangunan, Sarawak 
iv 
ABSTRACT 
This exploratory study is aimed to investigate prima facie that there are many crack lines 
of post-modification house structure elements due to lack of sensitivity and unskilled 
practitioners in aspects of home renovation in Kota Samarahan District, Sarawak. A total 
of 67 respondents were randomly selected in this field study. Five major factors have 
affected the post-modification house defect is the neglect of the requirements of the house 
structure plan, construction period, soil compaction, maintenance and ful] involvement 
of the project manager during the renovation process. A study was done based on visual 
assessment using Building Defects Index (BC!) and Building Condition Assessment 
(BCA) to assess 642 physical disability cases. A total of 382 cracked structures on the 
structure and walls of brick houses were evaluated using non-destructive testing methods. 
Ultrasonic Pulse Velocity and Rebound Hammer has been used to identify the current 
performance of structural elements. The result shows that the average crack size is 0.5785 
which is a good value under British Standard 1 8 8 1 .  Immediate recovery or replacement 
measures need to be made on six critical home units, repairs should be done at 25 units 
of medium scale and only routine monitoring measures are needed to ensure that defects 
are not easy to spread to the rest of the units. The results of this study have found that 
when the crack width of the structure exceeds 2.0 mm then the performance of the 
concrete strength decreases <20 MPa and the value of PY <3.0 km I s  would be in critical 
condition. Studies show that the post-modification home is a moderate performance of its 
solidarity, meaning that a framework for the renovation process needs to be established. 
This study suggests that, the public must also be exposed to the forensic knowledge of 
the building and the authorities should be firm in enforcing existing regulations. 
Keywords: structural defects, post-modification, home defect index, assessment of 
building conditions, Sarawak 
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Laporan Awai Kerosakan Struktur Bangunan (JKR) 
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Borang C: Borang Pemeriksaan Struktur Konkrit - NOT 





Skor Pemeriksaan Visual (CPS 1/BCA) di TD! 
Skor Pemeriksaan Visual (CPS 1/BCA) di TSI 
Skor Pemeriksaan Visual (CPS 1/BCA) di UV 
Skor Pemeriksaan Visual (CPS 1/BCA) di TBJ 
Skor Pemeriksaan Visual (CPSI/BCA) di MG 









3 1 1  
314 
3 1 6  
317 







Seringkali pernbeli rumah menyedari bahawasanya terdapat pelbagai masalah selepas 
penerimaan kunci rumah atau hand over daripada pemaju perumahan seperti kemasan 
jubin lantai berongga, permukaan dinding menggelupas, banyak garis retak dan siling 
bocor. Ada kalanya, pembeli terpaksa mengeluarkan kos tambahan yang tinggi untuk 
memperbaiki rumah yang baharu dibeli. Pembeli sering kali teraniaya dengan sikap 
pemaju yang mengakui sebagai pembekal, dalam masa yang sama tidak melaksanakan 
tanggungjawab apabila pembeli menuntut hak mereka (Muhamad Husni, Mohd 
Solahuddin & Azam, 2012). Dalam konteks alam bina di Malaysia, pemeriksaan dan 
penilaian prestasi bangunan semakin berkembang pesat, oleh itu pemeriksaan 
bangunan merupakan komponen utama yang menyokong objektif penilaian prestasi 
bangunan tersebut. 
Melalui Laporan Tahunan Tribunal Perumahan dan Pengurusan Strata, Kementerian 
Kesejahteraan Bandar, Perumahan dan Kerajaan Tempatan (KPKT) telah melaporkan 
sebanyak 304 kes teknikal (27.1 %) telah didaftarkan pada tahun 2016. Terdapat Japan 
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BAHAGIAN PERKIDMATAN FORENSIK (STRUKTUR) 
CAWANGAN KEJURUTERMN AWAM DAN STRUKTUR 
IBU PEJABAT JKR MALAYSIA 
LAPORAN AWALAN KEROSAKAN STRUKTUR BANGUNAN 
Borang ini hendak\ah diisi IJengan lengkap dan lepal oleh JKR Daerah. 
Borang yang tidak lengkap akan dikcmbalikan. 
TaL .... ..ikan (.J) dalam kotak yang disediakan. 
Nama Bangunan 
Tarikh Peruerfksaan : _ 
1 1 . 0  MAKLUMAT AWALAN 
1.1 Status Bangunan : Tarnat Ternpoh Tanggung Kecacalao I OLP O Yo O T1dak 
1.2 Tahun Dibina 
1.3 Tahun Bangunan Mula Oigunakan 
1.4 Bila Kerosakan Mula Dikesan 
1 2 . 0  MAKLUMAT BANGUNAN 
2.1 JENIS STRUKTUR 
O Konkril bertetulang 
O Kayu 
O IBS I Precasl 
O Komposit 
O Dinding galas beban 
2.2 KEGUNMN 81\NGUNI\N 
O Rumah kedlaman 
O Pejabat 
O Hospital I Kllnlk 
O Masjid /Tempat Oeribadat 
O Sekolah I Asrama Pelajar 
O Bangunan bersejarah 
O Setor I Penyimpanan barang / Gudang 
O lain-lain (slla nyatakan) ----------- 
2.3 BILANGAN TINGKAT: ---- 
2.4 REKABENTUK BANGUNAN 
O JKR I Lukisan Piawal O Perundlng O Reka&Blna 
2.5 PENYELIMN PEMBINMN BANGUNAN 
n JKR 
D Perunding 
D Reka & Bind 
O Project Management Consultant 
O Latn-taln (slla nyatakan) ----------- 
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Lampiran I 
3.0 MAKLUMAT KEROSAKAN STRUKTUR 
-r andakan ( ) di tempat berkenaan. 
Borang yang lidak lengkap akan dikembalikan. 










BA HAN f- z <( � 
0 ULASAN 











0 <( w <( 
z 2 al 2 I  
w  w  w  w  w  <(  
ll'.  2  Q.  
" 
y a)  
Pengaratan keluli 
D Corrosion of steel 
KELULI Keretakan pada keluli 






KONKRIT Keretakan pada struktur (1] 




KONKRIT Pengelupasan konknt 
BERTETULANG Spa/ling 
Pengaratan tetulang 
Coaosioo of reinforcement 
Anai-anai 
Termites 
• Pengaratan pada skru & nat 





Lain-lain (Si/a nyatakan): 
NOTA : [1] Keretakan pada struktur hendaklah dikenalpasu setelah lapisan lepaan d1tanggalkan. 
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Lampiran I 
'Tandakan (�) di lempat berkenaan. 
Borang yang tldak lengkap akan dikembalikan. 
I J.0 MAKLUMAT l(EROSAKAN STRUKTUR 
3.2 Komponen : Papak 
PUNCA KEROSAKAN' 
z 











w "  
"' 
z  2  C!l  2 I  
w  w  w  w  ur  «  
0:  2  a.  
"'  "  a,  Pengaratan keluli 
0 
Corrosion of steel 
Keretakan pada ke!uli 
KELULI 









Keretakan pada struklur [1] 
Cracks at concrete 
PRATUANG Pelekangan 
Delamination 









Pengaratan pada skru & nat 








Lain-lain (Sila nyatakan): 




3.0 MAKLUMAT KEROSAKAN STRUKTUR 
'Tandakan ( ) di lempat berkenaan. 
Borang yang lidak lengkap akan dikembatikan. 
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BA HAN JENIS KEROSAKAN .... z -c � 
0 UlASAN 
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Pengaratan keluli 
D 
Corrosion of steel 
Kerelakan pada keluli 








Keretakan pada struktur (1) 
I Cracks at concrete 










Keretakan pada bata [2) 





Pengaratan pada skru & nat 








Lain-lain {Sila nyatakan): 
NOTA: [1] Keretakan pada struktur hendaklah d1kenalpas1, setelah laplsan lepaan d1tanggalkan. 




4o MAKLUMAT KEROSAKAN STRUKTUR 
·randakan ( ) di tempat berkenaan. 
Borang yang tidak lengkap akan dikembalikan. 
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"'  "'  ro  
Pengaratan keluli 
D 
Corrosion of steel 
Keretakan pada keluli 












Pengaratan pada skru & nat 









Lain-lain {Sila nyatakan) : 
3.4.1 Ulasan Hasil Pemeriksaan 
(Dokumen-dokumen yang diper1ukan berikut adalah penting un!uk pemeriksaan lanjut dan hendaklah d1kemukakan bersam: 
Tandakan {../) dalam kotak yang disediakan. 
Borang yang tidak lengkap akan dikembalikan. 
3.4.2 Lukisan terbina kekuda bumbung yang lengkap O Ada O Tiada 
3.4.3 Spesiflkasi kekuda bumbung D Ada D Tiana 





5,.0 OOKUMEN BERKAITAN J 
(Dokumen-dokumen yang diperlukan berikut adalah penting untuk pemeriksaan lanjut dan hendaklah dikemukakan bersama 
T andakan (,/) dalam kotak yang disediakan. 
Borang yang tidak lengkap akan dikembalika.n. 
4.1 Polan susun atur bangunan 
(Sekiranya tiada, sediakan lakaran pelan susun atur bangunan.) 
4.2 Luklsan struktur terbina yang lengkap 
(Sekiranya tiada, sediakan lukisan struktur pe1an lantai bangunan.) 
4.3 Gambar-gambar kerosakan struktur 
(Sediakan gambar kerosakan yang berkenaan.) 
" 4 Laporan perunding 
4.5 Maklumat aklivili berhampiran bangunan 
(Sekiranya ada, sila nyatakan.) 
[ s.o ULASAN KESELURUHAN PEMERIKSAAN VISUAL 
O Ada O Tiada 
O Ada O Tiada 
O Ada O Tiada 
0 Ada 0 Tiada 
0 Ada 0 Tiada 
PEGAWAI PEMERIKSA 

















BORANG A BORANG SOAL SELIDIK PEMILIK RUMAH 
SAHAGIAN A Bertujuan untuk mendapatkan maklumat hubungan diantara pemilik rumah dan 
pengamal binaan semasa proses pengubahsuaian dilakukan. 
Arahan: Sila tandakan (..J) dalam petak yang disediakan dengan maklumat yang berkaitan. 
1 .  Nama taman perumahan anda 
§ 
Taman Desa llmu 
Taman Sama lndah 
Taman Univista 
Taman Bestari Jaya 
Midway Garden 
2. Latarbelakang pendidikan dan bidang pengajian 
ljazah Kedoktoran I Sarjana 
ljazah Sarjana Muda 
Diploma 
Sijil I Pra Diploma 
Sekolah 
3. Jenis rumah kediaman anda; 
§ 
Kosrendah 
Kos sederhana rendah 
Kos sederhana 
Kos sederhana tinggi 
Kos tinggi 
Sesebuah I banglo 
T eres setingkat 
Berkembar setingkat 
T eres dua tingkat 
Berkembar dua tingkat 













Apron I kaki lima 




2012 - 2013 
2014 - 2015 






2014 - 2015 
7. Adakah anda mendapatkan kebenaran Pihak Berkuasa Tempatan sebelum melakukan 
pengubahsuaian rumah? 
Ova D Tidak 
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D Tidak pasti 
Lampiran 2.1 
8. Adakah anda mempunyai perjanjian bertulis 'agreement' dengan pengamal binaan berkenaan? 
O Ya D Tidak D Tidak pasti 
9. Adakah anda pasti pengubahsuaian telah dilakukan oleh kontraktor bertauliah? 
Ova D Tidak D Tidak pasti 
10. Adakah and a telah menyiasat latarbelakang (prestasi) kontraktor berkenaan sebelum 
berkerjasama? 
O Ya D Tidak D Tidak pasti 
11 .  Adakah anda menggunakan khidmat perunding rekabentuk dalam menyediakan pelan cadangan 
pengubahsuaian? 
O Ya D Tidak D Tidak pasti 
12. Adakah pengamal binaan menyediakan pelan struktur I kejuruteraan rumah sebelum proses 
pengubahsuaian rumah? 
O Ya D Tidak D Tidak pasti 
13. Adakah pengamal binaan telah mengkaji aspek sejarah asal rumah sebelum proses 
pengubahsuaian? 
Ova D Tidak D Tidak pasti 
14. Adakah pengamal binaan telah melakukan sambungan diantara struktur binaan asal rumah 
dengan struktur binaan baru (pengubahsuaian) mengikut kaedah pembinaan yang sepatutnya 
sebelum proses pengubahsuaian? 
Ova D Tidak CJ Tidak pasti 
15. Adakah kos pengubahsuaian telah membincangkan dengan jelas oleh pengamal binaan sebelum 
persetujuan? 
§ 
Ya (kos tetap) 
Tidak (ada perubahan berbanding semasa perbincangan) 
Tidak pasti 
16. Adakah anda terlibat dalam pembelian peralatan I bahan binaan yang sesuai untuk kerja-kerja 
pengubahsuaian rumah anda seperti pasir, batu-bata, kemasan bumbung dan sebagainya? 
§ Ya (tertibat sepenuhnya dalam pemilihan dan pembelian bahan binaan) Tidak 
Tidak pasti (hanya untuk kemasan seperti cat, daun pintu dan tingkap) 
17. Anda kenalpasti terdapat penggunaan asas 'footing' atau cerucuk 'piling· semasa pengubahsuaian 
rum ah; 
O Ya D Tidak CJ Tidak past! 
18. Anda kenalpasti terdapat penggunaan rasuk 'beam'semasa pengubahsuaian rumah anda; 
O Ya D Tidak CJ Tidak pasti 
19. Anda kenalpasti terdapat penggunaan tiang 'column' semasa pengubahsuaian rumah anda; 
O Ya D Tidak CJ Tidak pasti 
20. Anda kenalpasti terdapat penggunaan 'lintel' ambang alas di bingkai pintu dan tingkap semasa 
pengubahsuaian rumah anda; 
O Ya D Tidak 
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21. Anda kenalpasti terdapat kerja-kerja pengorekan dan pembuangan tanah semasa proses 
pengubahsuaian rumah anda; 
D Ya CJ Tidak CJ Tidak pasti 
22. Anda kenalpasti terdapat proses pemadatan tanah semasa pengubahsuaian rumah dilakukan; 
0 Y a  CJ Tidak CJ Tidak pasti 
23. Adakah anda pasti kontraktor I pengurus projek terlibat sepenuhnya semasa proses pengubahsuaian rumah dilakukan? 
§ 
Ya (kontraktor terlibat sepenuhnya I sepanjang masa di tapak) Tidak (hanya buruh binaan tertibat sepenuhnya di tapak, kontraktor tidak kelihatan) 
Tidak pasti 
24. Adakah pengamal binaan menyediakan pelan tindakan I alternatif jika berlaku kesulitan seperti hujan dan sebagainya? 
0 Y a  CJ Tidak CJ Tidak pasti 
25. Adakah anda berpuashati dengan hasil pasca pengubahsuaian rumah tersebut? 
0 Y a  CJ Tidak CJ Tidak pasti 
26. Adakah anda pasti rumah anda tidak mempunyai kesan-kesan kecacatan atau kerosakan pasca pengubahsuaian? 
0 Y a  CJ Tidak CJ Tidak pasti 
27. Adakah rumah anda telah disiapkan dalam tempoh masa sebagaimana yang dipersetujui? 
0 Y a  CJ Tidak CJ Tidak pasti 
28. Adakah anda pasti pengamal binaan mementingkan hasil kualiti kerja pembinaan? 
D Ya CJ Tidak CJ Tidak pasti 
29. Adakah anda pasti pengamal binaan bijak menguruskan bahan-binaan iaitu kurang pembaziran? 
D Ya CJ Tidak CJ Tidak pasti 
30. Adakah anda pasti pengamal binaan telah menguruskan pekerja I buruh binaan secara berhemah? 
§ Ya (buruh berdisiplin dan kebajikan dijaga) Tidak (buruh berterabur dan ponteng) Tidak pasti 
31. Adakah anda menyelenggarakan rumah secara berhemah mengikut kesesuaian yang sepatutnya 
ba1i mjmastikan rumah sentiasa berprestasi terbaik. 
Ya CJ Tidak CJ Tidak pasti 
32. Se:epal pengubahsuaian, adakah kerja-trja r9mbaikan (melibatkan kos�ah dilakukan? Ya Tidak LJ Tidak pasti 
33. Anda pasti bahawa rumah anda berada dalam prestasi baik walaupun terdapat kesan-kesan kecacatan I kerosakan? 
D Ya CJ Tidak CJ Tidak pasti 
34. Dianggarkan pada bilakah rumah anda dikesan mengalami kerosakan atau kecacatan pasca pengubahsuaian? 
Kurang 1 tahun 1 hingga 2 tahun 
2 hingga 3 tahun 
Lebih 3 tahun Tidak pasti 
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SAHAGIAN B Sahagian ini bertujuan untuk mendapatkan pandangan pemilik rumah tentang aspek 
pengubahsuaian rumah secara umum bagi tujuan meminimumkan kecacatan pasca 
pengubahsuaian dan juga penambahbaikan. 
Arahan: Sila tandakan pilihan yang anda fikirkan sesuai berdasarkan skala 1 (amat tidak setuju) hingga 5 (amat 
setuju) bagi soatan-soalan di bawah. 
Amat Tldak Tidak Setuju 
Amat 
Bil. Item 
Tldak Setuju Kisah 
Setuju 
Setuju (2) (3) (4) 
11 l 
(5) 
1. Hanya rumah yang mengemukakan Pelan Struktur 
cadangan pengubahsuaian kepada PBT (Pihak Berkuasa 
Tempatan) diberi kelulusan oembinaan lsemua skalal. 
2 Pemilik rumah pertu mendapat nasihat PBT sebelum 
bekerjasama dengan pengamal binaan dalam aspek 
oeraturan.oerundanaan dan risiko. 
3 PBT harus pastikan hanya kontraktor berdaftar sahaja 
dibenarkan mengendalikan proses pengubahsuaian 
rumah. 
4 Pengamal binaan perlu mengenalpasti prestasi struktur 
konkrit semasa rumah asal sebelum ia memulakan proses 
oenaubahsuaian rumah. 
5 Pemilik rumah seharusnya mempunyai perjanjian bertulis 
'agreement' yang sah sebelum bekerjasama dengan 
oenaamal binaan. 
6 Pengamal binaan perlu menyediakan jaminan hayat 
'warranty period' setelah tamat proses pengubahsuaian 
rumah lmenaikut terma dan svaratl. 
7 Kecacatan I kerosakan pada fizikal dan struktur rumah 
adalah dibawah tanggungan pengamal binaan sepenuhnya 
lmenaikut tenma dan svaratl. 
8 Hak jaminan hayat 'warranty period' dengan sendirinya 
terbatal jika pemilik rumah gagal menyelenggarakan rumah 
denaan baik lmenaikut terma dan svaratl. 
9 Tempoh menyiapkan projek pengubahsuaian dipersetujui, 
iaitu denaan tidak ada laniutan masa 'extension of time' 
10 Kedua-dua pihak faham dengan jelas berhubung cadangan 
pemilihan bahan binaan vanQ sesuai. 
11 Kedua-dua pihak faham dengan jelas berhubung cadangan 
kos oenaubahsuaian rumah sebelum oemblnaan. 
12 Bayaran kos pengubahsuaian hanya perlu dibayar setelah 
selesai proses cenqubahsuaian rumah 'hand over'. 
13 Pengamal binaan perlu melakukan pemeriksaan jenis 
tan ah 
14 Pengamal binaan hanya menggajikan pekerja I buruh 
binaan vane berkemahiran sahaia. 
15 Pengamal binaan perlu bijak menguruskan bahan-binaan 
baql rnenqelakkan kerosakan dan pembaziran. 
16 Pengamal binaan perlu bijak menguruskan pelan tindakan I 
alternatif jika sesuatu perkara diluar jangkaan berlaku 
(hulan, banlir kenaikan harqa bahan dan sebaqainva). 
17 Pengamal binaan seharusnya mengutamakan prestasi I 
kualiti kerja 'wotkmanship' sebelum penyerahan 
'handover'. 
18 Pemilik rumah perlu mempunyai pengetahuan asas 
lteknikal) dalam asoek oenaubahsuaian. 
19 Pemilik rumah perlu menyiasat latarbelakang atau 
menuenali kontraktor berkenaan sebelum berkeriasama 
20 Pemilik rumah perlu memilih dan membeli sendiri bahan 
binaan darioada oembekal. 
Kamen (jika ada) 
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BORANG B BORANG PEMERIKSAAN SECARA VISUAL 
Borang ini bertujuan untuk mendapatkan maklumbalas daripada pemilik rumah berhubung jenis-jenis 
kecacatan pada elemen rumah pasca pengubahsuaian bagl tujuan ukur kondisi. 
Ubahsuai daripada Borang JKR Laporan Awai Kerosakan Struktur Bangunan, 
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BORANG C BORANG PEMERIKSAAN STRUKTUR KONKRIT - NDT 
Borang ini bertujuan untuk mendapatkan data daripada ujikaji menggunakan peralatan kejuruteraan 
berhubung kecacatan pada elemen rumah pasca pengubahsuaian bagi tujuan ukur kondisi. 
----- 
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a. All requested variables entered. 
b. Dependent Variable: prestasi baik 
Model Summary 
Adjusted R Std. Error of the 
Model R R Square Square Estimate 
1 .732" .536 .472 .672 
a. Predictors: (Constant), memilih dan membeli, faham dgn jelas, 





Model Sum of Squares di Mean Square F Sig. 
1 Regression 30.268 8 3.783 8.373 .000' 
Residual 26.210 58 .452 
Total 56.478 66 
a. Predictors: (Constant), memilih dan membeli, faham dgn jelas, pengetahuan asas, 
tanggungan, alternatif, warranty period, kos pengubahsuaian, gaga! 




Unstandardized Coefficients Coefficients 
Model B Std. Error Beta t Sig. 
1 (Constant) 1.696 .892 1.902 .062 
warranty period -.081 .170 -.065 -.475 .637 
tanggungan -.202 .292 - .110 -.693 .491 
gaga! .719 .187 .606 3.840 .000 
faham dgn jelas 1.089 .192 .736 5.670 .000 
kos pengubahsuaian -.855 .173 -.760 -4.954 .000 
alternatif -.503 .145 -.468 -3.459 .001 
pengetahuan asas .025 . 1 15  .025 .221 .826 
memilih dan membeli -.056 .122 -.052 -.456 .650 






Model Variables Entered Variables Removed Method 
1 kos (lps ubahsuai), footing, puashati lps 
ubahsuai, latar belakang, sambungan, 
lintel, bijak, libat penuh, kecacatan, 
kebenaran PBT, pemadatan tanah, . Enter 
kontraktor bertauliah, pembelian, sejarah, 
perunding rekabentuk, tempoh slap, pelan 
struktur" 
a. All requested variables entered. 
b. Dependent Variable: prestasi baik 
Model Summary 
Adjusted R Std. Error of the 
Model R R Square Square Estimate 
1 .919' .844 .790 .424 
a. Predictors: (Constant), kos (lps ubahsuai), footing, puashati lps 
ubahsuai, latar belakang. sambungan, lintel, bijak, libat penuh, 
kecacatan, kebenaran PBT, pemadatan tanah, kontraktor bertauliah, 
pembelian, sejarah, perunding rekabentuk, tempoh siap, pelan 
struktur 
ANOVA" 
Model Sum of Squares di Mean Square F Sig. 
1 Regression 47.659 17 2.803 15.576 .ODO' 
Residual 8.819 49 . 1 8 0  
Total 56.478 66 
a. Predictors: (Constant), kos (fps ubahsuai), footing. puashati lps ubahsuai, latar belakang, 
sambungan, lintel, bijak, libat penuh, kecacatan, kebenaran PBT, pemadatan tanah, kontraktor 
bertauliah, pembelian, sejarah, perunding rekabentuk, tempoh slap, pelan struktur 







Model B Std. Error Beta I Sig. 
1 (Constant) 3.448 .966 3.569 .001 
kebenaran PBT -.292 .268 •, 1 1 8  -1.092 .280 
puashati lps ubahsuai -.061 .093 -.057 -.663 .511 
kontraktor bertauliah .541 .136 .371 3.982 .000 
latar belakang .019 .146 .016 .130 .897 
perunding rekabentuk -1.934 .605 -.568 -3. 199 .002 
kecacatan -.440 .157 -.261 -2.805 .007 
tempoh siap 1.225 . 171 .869 7.147 .000 
pembelian -.184 . 155 -.129 -1.187 .241 
pelan struktur 1.338 .451 .534 2.965 .005 
sejarah .270 . 171 .192 1.575 .122 
sambungan -.024 .155 -.017 -.156 .876 
footing . 128 .214 .076 .595 .554 
lintel .267 .083 .267 3.208 .002 
pemadatan tanah •, 187 .139 -.172 -1.345 .185 
bijak -.228 . 125 -.224 -1.819 .075 
libat penuh -1.252 .131 -.795 -9.568 .000 
kos (lps ubahsuai) .153 . 1 19 .100 1.286 .204 




Output (punca)_linear regression 
Variables Entered/Removed• 
Variables 
Model Variables Entered Removed Method 
1 prestasi baik, bijak, 
footing, perjanjian 





















a. All requested variables entered. 




Adjusted R Std. Error of the 
Model R R Square Square Estimate 
1 .891' .794 .683 .308 
a. Predictors: (Constant), prestasi baik, bijak, footing, perjanjian 
bertulis, kos (lps ubahsuai), bincang, kualiti kerja, column, 
sambungan, rosak (lps ubahsuai), selenggara rumah, pembelian, 
puashati lps ubahsuai, libat penuh, kontraktor bertauliah, sejarah, 
lintel, kebenaran PBT, korek dan buang tanah, pemadatan tanah, 
tempoh siap, perunding rekabentuk, pelan struktur 
ANOVA" 
Model Sum of Squares di Mean Square F Sig. 
1 Regression 15.708 23 .683 7.193 .000' 
Residual 4.083 43 .095 
Total 19.791 66 
a. Predictors: (Constant), prestasi baik, bijak, footing, perjanjian bertulis, kos (lps ubahsuai), 
bincang, kualiti kerja, column, sambungan, rosak (lps ubahsuai), selenggara rumah, pembelian, 
puashati lps ubahsuai, libat penuh, kontraktor bertauliah, sejarah, lintel, kebenaran PBT, korek 
dan buang tanah, pemadatan tanah, tempoh siap, perunding rekabentuk, pelan struktur 






Model B Std. Error Beta t Sig. 
1 (Constant) 3.229 1.720 1.877 .067 
kebenaran PBT -.580 .258 -.396 -2.253 .029 
puashati lps ubahsuai - 122  .082 -.193 -1.497 .142 
perjanjian bertulis -.066 .691 -.041 -095 .92e 
kontraktor bertauliah .132 .162 .152 .811 .422 
perunding rekabentuk -.957 .849 -.475 -1.128 .266 
tempoh siap .308 .232 .369 1.324 .193 
rosak (lps ubahsuai) -.171 .094 -.380 -1.826 .075 
pembelian -.131 .172 -.155 -.765 .448 
pelan struktur .272 .673 .184 .404 .688 
sejarah .281 .193 .339 1.458 .152 
sambungan -.370 .144 -.425 -2.573 .014 
footing .676 .246 .682 2.745 .009 
column .001 .184 .001 .004 .997 
lintel .026 .093 .044 .282 .779 
korek dan buang tanah .514 .252 .542 2.039 .048 
pemadatan tanah .128 .186 .198 .685 .497 
kualiti kerja .035 .183 .053 .189 .851 
bijak .286 .172 .474 1.660 .104 
libat penuh -.374 .231 -.401 -1.620 .113 
bincang .083 .168 .074 .495 .623 
selenggara rumah .080 .121 .143 .660 .513 
kos (lps ubahsuai) -.076 .146 -.084 -.518 .607 
prestasi baik -.302 .158 -.510 -1.910 .063 




output (pengamal binaanjIinear regression 
Variables Entered/Removed• 
Variables Variables 
Model Entered Removed Method 
1 prestasi baik, 
bijak, footing, 
perjanjian 
bertulis, kos (lps 
ubahsuai), jenis 

















korek dan buang 
tanah, pelan 
struktur" 
a. All requested variables entered. 




Adjusted R Std. Error of the 
Model R R Square Square Estimate 
1 .927' .860 .789 .291 
a. Predictors: (Constant), prestasi balk, bijak, footing, perjanjian 
bertulis, kos (lps ubahsuai), jenis rumah , bincang, sambungan, 
alternatif, beam, sejarah, selenggara rumah, pemadatan tanah, 
column, libat penuh, kebenaran PST, kecacatan, pendidikan, rosak 
(lps ubahsuai), perunding rekabentuk, korek dan buang tanah, pelan 
struktur 
ANOVA• 
Model Sum of Squares di Mean Square F Sig. 
1 Regression 22.785 22 1.036 12.244 000" 
Residual 3.722 44 .085 
Total 26.507 66 
a. Predictors: (Constant), prestasi baik, bijak, footing, perjanjian bertulis, kos (lps ubahsuai), jenis 
rumah , bincang, sambungan, alternatif, beam, sejarah, selenggara rumah, pemadatan tanah, 
column, libat penuh, kebenaran PST, kecacatan, pendidikan, rosak (lps ubahsuai), perunding 
rekabentuk, korek dan buang tanah, pelan struktur 






Model B Std. Error Beta t Sig. 
1 (Constant) 4.711 1.156 4.077 .000 
pendidikan .028 .057 .065 .492 .625 
jenis rumah .066 .095 .072 .693 .492 
kebenaran PBT .957 .213 .564 4.492 .000 
perjanjian bertulis -1.327 .292 -.718 -4.551 .000 
perunding rekabentuk 1.648 .584 .706 2.823 .007 
kecacatan -.160 .146 -.138 -1.094 .280 
rosak (lps ubahsuai) -.335 .092 -.643 -3.655 .001 
pelan struktur -2.672 .557 -1.556 -4.794 .000 
sejarah -.392 .126 -.408 -3.125 .003 
sambungan .101 .147 .101 .686 .496 
footing -.624 .186 -.545 -3.362 .002 
beam .291 .090 .355 3.221 .002 
column .203 .180 .138 1.125 .266 
korek dan buang tanah -.131 .222 - . 119 -.589 .559 
pemadatan tanah .637 .139 .855 4.583 .000 
bijak .205 .130 .294 1.580 .121 
libat penuh .346 .148 .321 2.334 .024 
alternatif -.145 .162 -.164 -.891 .378 
bincang .051 .127 .039 .405 .688 
selenggara rumah .542 .083 .836 6.556 .000 
kos (lps ubahsuai) -.415 .096 -.396 -4.336 .000 
prestasi baik -.069 .088 -.100 -.784 .437 




Output (kepuasan)_linear regression 
Variables Entered/Removed• 
Variables Variables 
Model Entered Removed Method 















a. All requested variables entered. 
b. Dependent Variable: puashati lps ubahsuai 
Model Summary 
Adjusted R Std. Error of the 
Model R R Square Square Estimate 
1 .808' .653 .584 .558 
a. Predictors: (Constant), memilih dan membeli, pendidikan, 
pengetahuan asas, menyiasat, warranty period, jenis tanah, extention 




Model Sum of Squares df Mean Square F Sig. 
1 Regression 32.311 1 1  2.937 9.419 .000' 
Residual 17.152 55 .312 
Total 49.463 66 
a. Predictors: (Constant), memilih dan membeli, pendidikan, pengetahuan asas, menyiasat, 
warranty period, jenis tanah, extention of time, tanggungan, nasihat PBT, buruh binaan, kos 
pengubahsuaian 




Model B Std. Error Beta t Sig. 
1 (Constant) 5.140 .852 6.032 .000 
pendidikan - . 113 .081 -.190 -1.399 .168 
nasihat PBT -.280 .118 -.344 -2.372 .021 
warranty period -.356 .134 -.307 -2.666 .010 
tanggungan -.128 .210 -.074 -.607 .546 
extention of time -.304 .162 -.290 -1.880 .065 
kos pengubahsuaian .441 :i69 .419 2.605 .012 
jenis tanah -.222 .136 -.222 -1.629 .109 
buruh binaan .510 .130 .588 3.915 .000 
pengetahuan asas -.314 .101 -.328 -3.093 .003 
menyiasat -.272 .149 -.262 -1.824 .074 
memilih dan membeli .186 . 1 1 0  .185 1.690 .097 
a. Dependent Variable: puashati lps ubahsuai 
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Skar Pemeriksaan Visual (CSP1/BCA) Di TOI 
� N £2 ::! "' !fl 
..... 
"' "' 
0 � N 
"' "' "' 
<D 
!: 
-e-- e-- � !: � � DIN DING iS iS 0 0 iS 0 � iS i5 i5 iS iS iS - 0 0 0 ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... Retak Penaecutan Penoeluoasan Konkrit 12 20 12 12 Resao air 12 20 12 16 12 12� Retak Bata 16 12 20 12 12 12 12 20 20 12 12 20 12 12 12 12 JUMLAH 49 21 72 21 36 21 I 30 I 60 41 I 21 I 12 53 24 I 30 21 I 21 RASUK Retak Penaecutan 12 Retak Struktur 12 12 Penaeluoasan Konkrit 12 12 JUMLAH 0 36 0 0 24 0 0 0 0 0 0 0 0 0 0 0 LANTAI Retak Penaecutan Retak Struktur 12 12 12 Penaeluoasan Konkrit 16 16 16 JUMLAH 0 0 0 37 0 37 0 0 0 0 37 0 0 0 0 0 TIANG Retak Penaecutan Retak Struktur 12 16 12 12 12 12 12 12 12 Penaeluoasan Konkrit 12 Penaaratan Tetulana 20 Resao air 5 7 � 1 2  JUMLAH 21 0 0 0 0 0 0 21 12 12 12 0 12 
Pembaikan Pemulihan 
Matrik Tindakan 
2 2 2 2 1 3 1 2 1 2 1 3 4 1 2 5 2 3 2 2 3 3 3 2 2 1 3 1 1 4 1 1 1 
Jumlah Kecacatan 6 5 4 5 5 5 3 8 6 3 6 5 3 4 2 3 Jumlah Skor 70 57 72 58 60 58 30 117 71 33 70 65 36 42 21 33 Keseluruhan Skor Prestasi 12 18 12 2 2 -  12 12 13 12 1 11 
r, rcj,\\di'J•@r,1r,1'w· · ·_.·.·.•I iJ,\oJ,::CX•loiO _ . · .  
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Lampiran 4.2 
12 12 12 
20 12 16 12 12 12 12 12 16 12 16 
53 21 49 24 12 33 24 12 28 21 37 
� 
Retak Pen ecutan 
Retek Struktur 
Pen elu asan Konkrit 
JUMLAH 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
LANT Al 
Retak Pen ecutan 
Retak Struktur 
Pen elu asan Konkrit 
JUMLAH 0 0 0 0 0 0 0 0 0 
TIANG 
12 12 12 12 12 12 12 
12 12 
� 
12 12 12 
33 24 12 12 0 0 33 0 12 0 33 33 0 
Matrik Tindakan 
2 2 3 4 1 1 2 3 1 2 2 
4 3 2 3 4 3 2 2 1 4 3 2 1 3 3 2 
3 1 1 1 2 1 3 1 2 
Jumlah Kecacatan 9 6 5 8 6 3 5 3 3 7 5 2 5 5 6 4 
Jumlah Skor 
51 88 73 36 65 33 30 75 61 24 69 54 70 60 
Keseluruhan 
Skor Prestasi 1 12 12 13 11 11 12 12 14 11 12 5 
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Lampiran 4.3 




:; "' � i;: 
<X) 
"' DINDING > > > > >
:::, :::, :::, :::, :::, :::, :::, :::, :::, 
Retak Penoecutan 16 12 12 16 16 16 12 
Penaeluoasan Kankrit 12 12 12 
Resao air 16 12 12 12 16 
Retak Bata 12 16 16 20 16 16 20 20 20 










JUMLAH 0 0 0 0 0 0 0 0 0 
TIANG 
Retak Penaecutan 
Retak Struktur 12 12 12 
Penaeluoasan Kankrit 
Penaaratan Tetulana 
Resap air 12 12 12 




Pembaikan 1 1 4 2 2 3 1 2 
Pemulihan 1 1 2 2 1 2 2 1 2 
Jumlah Kecacatan 
Jumlah Skar Keseluruhan 
Skar Prestasi 
2 2 7 4 3 2 5  
28 28 89 60 40 32 72 
14 1 13 5 13 ..c1 6'<-o.11-..l-"----'--"c.l 
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Lampiran 4.4 
Skor Pemeriksaan Visual (CSP1/BCA' Di TBJ 
.... 
; "' ; � 
<D .... 
; 
0) 0 .... N 






� Ill � � ... I- 
Retak Penaecutan 16 16 16 16 12 20 16 
Penaeluoasan Konkrit 16 16 16 12 
Resao air 16 16 16 16 16 16 12 12 
Retak Bata 20 20 20 20 20 20 20 20 16 20 20 16 20 
JUMLAH 20 68 68 36 52 68 48 20 16 64 20 28 36 
RAS UK 
Retak Penaecutan 12 12 
Retak Struktur 12 12 12 
Penoeluoasan Konkrit 12 





JUMLAH 0 0 0 0 0 0 0 0 0 0 0 0 0 
TIANG 
Retak Penaecutan 12 
Retak Struktur 12 16 12 12 12 12 16 12 16 
Penqelupasan Konkrit 
Penaaratan Tetulana 20 
Resao air 12 12 
JUMLAH 12 0 0 0 0 60 33 12 21 12 16 12 16 
Matrik Tindakan 
1 1 
Pembaikan 3 1 2 3 1 4 3 2 
Pemulihan 1 4 4 2 3 6 2 1 1 2 2 1 3 
Jumlah Kecacatan 
Jumlah Skor Keseluruhan 
Skor Prestasi 
4 4 5 2 
56 68 80 36 



















2 3 3 
36 40 52 
18 13 17 
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Larnpiran 4.5 
Skor Pemeriksaan Visual ICSP1/BCA Di MG 






0 � N <'> 
� � � -e- 
DINDING (.') (.') (.') (.') (.') (.') (.') (.') (.') (.') (.') (.') (.') 
::. ::. ::. ::. ::. ::. ::. ::. ::. ::. ::. ::. ::. 
Retak Psncecutan 16 16 12 12 12 16 12 12 12 12 
Penoeluoasan Kankrit 16 12 20 16 12 16 
Resan air 12 12 12 16 12 16 16 
Retak Bala 20 20 20 20 20 20 20 20 20 20 20 20 16 
JUMLAH 48 64 44 44 20 68 20 20 64 32 60 64 28 
RAS UK 
Retak Penaecutan 12 
Retak Struktur 12 
Penoeluoasan Kankrit 
JUMLAH 24 0 0 0 0 0 0 0 0 0 0 0 0 
LANT Al 
Retak Pennecutan 12 12 
Retak Struktur 12 16 
Penoefuoasan Kankrit 12 12 
JUMLAH 0 0 0 0 36 0 0 0 0 40 0 0 0 
TIANG 
Retak Penaecutan 12 12 12 12 12 12 12 
Retak Struktur 12 12 12 16 16 16 12 12 16 16 
Pennelunasan Kankrit 
Pencaratan T etulana 20 
Resan air 12 12 12 16 12 
JUMLAH 0 56 36 12 40 28 16 12 40 0 0 40 28 
Matrik Tindakan 
-: 
Pembaikan 3 4 5 3 5 2 1 3 3 2 3 2 





5 8 6 4 7 6 
72 120 80 56 96 96 
,._,.14,___1�5s-,�3,,__�1�4�1,,,_....,16 
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2 2 7 5 4 7 4  
36 32 104 72 60 104 56 
18__.Qe�1li5,.__�14.,_�1�5�1lis1....�14'.!.I 
Lamapiran 5 
Ringkasan Eksekutif Ujian NOT I 
Ru mah LEBAR 
RETAK MPa SKOR PV 
TDI 1 1 .5 0 0 0 3.5 
TOI 2 1 .17 35.8 8 3.5 
TOl3 2.15 0 0 2.7 
TOI 4 1.1 27.6 12 4 
TOI 5 1.43 36.1 7 3.3 
TOI 6 0.8 44.4 1 4.4 
TOI 7 1.3 0 0 3.8 
TOI 8 2.8 16.9 17 1.8 
TOl9 2 22.5 14 2.6 
TOI 10 1.44 44.9 1 3.4 
TOI 1 1  1.2 34.3 8 3.4 
TOI 12 1.9 38.9 6 2.8 
TOI 13 0.77 41.3 4 3.9 
TDI 14 0.97 38.6 6 3.6 
TOI 15 1.25 0 0 3.6 
TOI 16 1.44 39.2 6 3.5 
- 
TSI 1 2.57 15.5 18 2.17 
TSl2 2.07 23.8 14 2.67 
TSl3 1.44 39.9 6 3.38 
TSl4 1 .16 34.9 8 3.62 
TSl5 1.9 41.65 4 2.82 
TSl6 0.77 43.4 2 3.98 
TSI 7 1.21 30.15 10 3.56 
TSl8 1.25 0 0 3.78 
TSl9 1.05 0 0 3.83 
TSI 10 1.85 25.09 13 2.74 
TSI 11 1.44 35.49 8 3.48 
TSI 12 0.95 0 0 4.04 
TSI 13 1.83 21.69 15 2.73 
TSI 14 1.88 28.93 11 2.85 
TSl15 1.93 33.49 9 3.2 
TSI 16 2.75 0 0 0 2.16 
UV1  1.25 0 0 0 3.85 
UV2 1.05 0 0 0 4.07 
UV3 1.85 21.22 15 2.87 
UV4 1.62 0 0 0 3.26 
UV5 1.12 28.75 11 3.93 
UV6 1.67 0 0 0 3.12 
UV7 1.88 27.15 11 2.68 
UV8 1.75 0 0 0 3.4 
UV9 2.46 0 0 0 2.28 
TBJ 1 1.14 37.26 7 3.67 
TBJ 2 2.36 19.2 16 2.32 
TBJ 3 1.43 37.2 7 3.24 
TBJ 4 0.86 0 0 4.21 
TBJ 5 1.33 0 0 3.54 
TBJ 6 2.57 17.15 17 2.06 
TBJ 7 2 22.4 14 2.52 
TBJ 8 1.44 38.7 6 3.37 
TBJ 9 1.16 33.66 9 3.4 
TBJ 10 1.92 40.15 5 2.86 
TBJ 11 0.77 45.63 0 4.13 
TBJ 12 0.92 39.8 6 3.97 
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TBJ 13 1.4 20.93 15 3.35 
M G 1  1.43 37.5 7 3.3 
MG2 2.57 15.95 18 2.25 
MG3 1.77 38.55 6 2.65 
MG4 1.44 36.37 7 3.45 
MG5 1.43 26.69 12 3.47 
MG6 1.92 41 05 4 2.69 
M G 7  0.93 39.82 6 4.16 
M G 8  0.9 38.75 6 3.97 
M G 9  2.02 21.04 15 2.53 
M G 1 0  1.56 28.3 1 1  3.19 
MG 1 1  2.1 0 0 2.71 
M G 1 2  1.91 34.89 8 2.7 
M G 1 3  1.44 29.27 1 1  3.16 
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Abstrak 
Kaedah ukur kondisi dapat menentukan prestasi rumah semasa, ia sesuai dilakukan sebelum 
memulakan kerja pembaikan atau pengubahsuaian. Protokal 1 mampu mengenalpasti prestasi 
rumah secara visual sama ada ia berfangsi, perlu dibaiki, kerosakan serius, struktur tidak 
berfungsi atau perlu dirobohkan. Manakala kekuatan mampatan dan kualiti struktur konkrit 
diuji menggunakan Protokol 2. Gabungan kedua-dua protokol 1 dan 2 secara amnya dapat 
memberi gnambaran awa/ kepada pengamal binaan serta pemilik rumah untuk menentukan 
kaedah pembinaan, penyelenggaraan atau pengubahsuaian yang lebih sesuai dilakukan serta 
ia juga mampu menjimatkan masa, kos, kelestarian pembinaan dan impak kepuasan yang 
optimum. 
Kata kunci: Ukur Kondisi, Kecacatan, Prestasi Rumah, Pundit, Smidth Hammer 
Pengenalan 
Tujuan utama kaedah ukur kondisi ini adalah untuk menerangkan secara ringkas bagaimana 
untuk menjalankan penilaian keadaan bangunan sebelum melakukan pembaikan dan menaik 
taraf kerja atau pengubahsuaian. Ini akan menentukan sama ada sebuah bangunan yang 
bermasalah perlu dirobohkan untuk membina kembali yang lebih baik, membaiki atau 
memasang, serta mengnelpasti sama ada ia akan menjadi kos efektif dalam konteks 
keselamatan keseluruhan. Kaedah ini biasa diamalkan bagi kerja-kerja pemuliharaan pada 
bangunan I monument lama, namun ia juga digunapakai untuk menguji kekuatan mampatan 
kongkrit bagi mengenalpasti ketepatan spesifikasi atau mutu binaan. 
lmpak kemerosotan atau kecacatan rumah asal akan mempengaruhi prestasi rumah pasca 
pengubahsuaian kerana ia boleh menyumbang kepada kerosakan kekal apabila ia tidak 
dihiraukan dan memerlukan pembaikan segera. 
Peraturan 
Seksyen 70(16) (b) (Malaysia, 2003) menyifatkatkan sebagai mendirikan sesuatu bangunan 
jika menambah atau mengubah mana-rnana bahagian sedia ada maka, pengamal binaan perlu 
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mematuhi semua peringkat dalam proses pembinaan walaupun hanya mengendalikan fasa 
pengubahsuaian. 
Akta Jalan, Parit dan Bagunan 1974 (Akta 133) seksyen 70(16) (b) mentakrifkan 
pengubahsuaian sebagai mendirikan sesuatu bangunanjika ia menambah atau mengubah mana­ 
mana bahagian sedia ada dengan melibatkan asas tapak baharu, binaan bumbung baharu atau 
separuh baru, tambahan atas dinding sedia ada atau atas asas tapak sedia ada dan 70( 16) (h) 
membaharui atau membaiki mana-mana bahagian bangunan juga disifatkan sebagai 
pengunahsuaian (Malaysia, 2001 ). 
Pengubahsuaian yang tidak terancang dan tidak terkawal oleh kehendak Akta 133 dan Undang­ 
undang Kecil Bangunan Seragam 1984 (UKBS) akan mendatangkan masalah kepada atmosfera 
setempat kerana "tiada seseorang boleh mendirikan sesuatu bangunan tanpa mendapat 
kebenaran bertulis daripada PBT". 
Isu-isu kondisi binaan 
Kejadian anjung banglo runtuh sewaktu dalam pembinaan di Shah Alam (Utusan Malaysia, 19 
Oktober 2012), hampir 82% pemilik di skim perumahan melakukan pengubahsuaian (Mahmud, 
2010, him. 13), terdapat 2 1 1 9  kecacatan direkodkan di 72 unit rumah teres yang baru siap di 
Bangi, Selangor (Ishan, 2012), sebanyak 63% daripada unit rumah teres baru siap yang berada 
pada skala rosak-sederhana rosak (Adi Irfan, 2012) dan rungutan kecacatan bangunan kerap 
berlaku selepas penyerahan kunci dilakukan (Ahmad, 2004). 
Berhubung isu di atas kenapa ia berlaku?, sejauh manakah prestasi rumah asal telah menepati 
kehendak kualiti dalam aspek kejuruteraan dan penilaian jika masing-masing Dato Bandar 
Shah Alam, telah mengesahkan bahawa pemilik banglo berkenaan tidak mengemukakan pelan 
tambahan pengubahsuaian kepada Majlis Bandaraya Shah Alam (MBSA), kemungkinan para 
arkitek tidak melakukan kajian terperinci kehendak bakal pembeli terutamanya bagi 
menyediakan keperluan ruang yang sempuma dan selesa (Hamidon Abdullah, 2010), 
(Highfield, 1987), kualiti pembinaan rumah teres barn siap adalah rendah dan tidak mencapai 
standard yang boleh diterima (lshan, 2012) dan kebanyakan kerja-kerja pengubahsuaian yang 
berskala kecil menggunakan khidmat kontraktor yang tidak berdaftar dengan mana-rnana 
agensi binaan bertauliah (Anuar A., Azlan S.A., 20 1 1  ). 
Dimana letaknya penguatkuasaan Pihak berkuasa Tempatan (PBT)? lsu-isu ini akan memberi 
kesan jika pengubahsuaian dilakukan pada rumah-rumah berkenaan, kerana ia sedia ada telah 
mengalami kecacatan. 
Kecacatan 
Urnumnya semua rumah terdedah dengan masalah kecacatan dan kerosakan, jika makin berusia 
bangunan itu atau berada dalam keadaan terbiar maka semakin cepat dan seriusnya masalah 
tersebut berlaku (Anuar A., Azlan S.A., 2011 ) .  Definisi kecacatan, merosotnya ciri-ciri kualiti 
dari tahap yang tertentu menyebabkan hasil dan khidmat yang tidak memuaskan seperti 
keadaan asal atau tidak memenuhi kehendak penggunaan BS 3 8 1 1  Code of Practice British 
Standard, (1984). Kecacatan yang terdapat pada rumah yang melibatkan penyenggaraan atau 
operasi turut dipengaruhi oleh kecacatan yang berlaku dalam proses pembinaan (Josephon dan 
Hammarlund 1999). 
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Beberapa kategori keretakan rumah seperti retak estetik, kebolehkhidmatan atau kestabilan, 
bentuk keretakan dan lebar keretakan disamping mengambil kira faktor lokasi, struktur atau 
elemen bangunan berlakunya keretakan (Eldridge, 1976), (Building Research Establishment 
(BRE), 1991), (Carillion, 2001), (Johnson, 2002), (Panchdhari, 2003) dan (Ahmad, 2004). 
Enam jenis kecacatan yang biasa berlaku iaitu retak, kelembapan, menggelupas, kecacatan 
mengecat, kekaratan dan reput (Zuraini Md. Ali, 2003), kebocoran, bengkok serta pemendapan 
(Mohd Zaki Mokhtar, 2006), kecacatan lantai, dinding, pintu and tingkap, siling, bumbung, 
kelengkapan sanitari dan pemasangan elektrik (Ahmad, 2004). 
Berdasarkan analisis faktor kecacatan konkrit di Malaysia, terdapat tujuh jenis kecacatan 
biasanya berlaku pada struktur konkrit seperti retak, gagal penyambungan, bocor, pengaratan 
tetulang keluli, pemendapan, 'honeycombed' dan penyepaian konkrit manakala, terdapat lima 
faktor utama kecacatan struktur konkrit seperti kesilapan rekabentuk, bahan binaan, geoteknik, 
kesilapan kaedah pembinaan dan kesilapan tidak diramal (Ahmad, 2004). 
Manakala dinding dan lantai merupakan komponen terbesar menyumbang kecacatan (Z.M. 
Noor et.al., 2010) disamping kemasan lepaan sebagai sub-kornponen utama menyumbang 
kecacatan (Ishan et.al, 2012). Kedua-dua komponen dan sub-kornponen berkait rapat dengan 
faktor manusia atau mutu kerja Senario ini membuktikan bahawa kualiti kerja projek 
pembinaan tidak mencapai tahap yang diperlukan oleh pembeli atau pemilik rumah. 
Kecacatan berlaku akibat kesilapan rekabentuk, kesilapan kaedah pembinaan dan 
penyalahgunaan bangunan (Mohd Zaki Mokhtar, 2006). Manakala punca kerosakan adalah 
pergerakan tanah, pembebanan berlebihan terhadap struktur, akibat perubahan fungsi bangunan 
dan akibat tindakan fizikal atau serangan kimia atau biologi (Ahmad, 2004). 
Antara faktor-faktor penyebab keretakan rumah seperti faktor penggunaan dan persekitaran 
menyebabkan keretakan (Eldridge, 1976), kesilapan pemilihan bahan binaan persekitaran 
(Carillion, 2001), persekitaran (Panchdhari, 2003) dan kesilapan kerja pembinaan (Ahmad, 
2004). 
Pemangkin dan Kesan Kecacatan 
Mungkin sebahagian daripada faktor-faktor yang disenaraikan di bawah boleh memberi kesan 
kepada prestasi rumah iaitu kekurangan dalam reka bentuk, kurang perincian berhubung 
tetulang dalam anggota struktur dan sendi, kualiti pembinaan yang kurang memuaskan, 
pengaratan tetulang disebabkan oleh persekitaran yang agresif, kepincangan dalam sistem 
struktur untuk menahan daya sisi akibat bencana alam seperti taufan, banjir dan gempa bumi 
dan beban muatan yang tidak diduga. 
Dua faktor utama penyebab kepada pennintaan projek pengubahsuaian iaitu keusangan dan 
kemerosotan rumah. Keusangan disumbangkan oleh faktor-faktor seperti perubahan fungsi 
rumah, perubahan keadaan ekonomi, keputusan pelaburan, nilai estatik dan sejarah, perubahan 
teknologi, pennintaan kepada imej baru, keperluan perundangan dan ketahanan elemen 
bangunan manakala kemerosotan bangunan pula disumbangkan oleh faktor rumah yang 
disalahgunakan dan kurangnya penyelenggaraan (Anuar A., Azlan S.A., 201 1) .  
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Justeru itu jurutera, ahli akademik, jurukur bangunan dan PBTT), dan melalui kajian persuratan 
mendapati bahawa impak akhir yang dihadapi oleh pemilik rumah dan prestasi rumah terjejas 
akibat wujudnya pengabaian beberapa aktiviti kelestarian dalam peroses pengubahsuaian 
rumah. Kualiti pembinaan perumahan juga mencerminkan imej pemaju (Josephon, P.E & 
Hammarlund, Y. l 999). 
Didapati ketidakmahiran kontraktor, kurangnya pengetahuan, kekurangan pengalaman dan 
ketidakcekapan buruh, pekerja binaan dan bahan binaan yang bermutu rendah merupakan 
faktor utama kecacatan bangunan (Harith Khalid, 2004), (Ahmad, 2004) maka, antara impak 
negatif yang akan wujud seperti mengakibatkan ketergangguan emosi pemilik premis, 
kelewatan, peningkatan nilai kos ubahsuai dan penurunan nilai estetika hartanah, menunjukkan 
kecacatan kepada rekabentuk fasad bangunan dan memberi kesan sampingan kepada unit 
kediaman bersebelahan (Mahmud, 2010). Pengamal binaan umumnya hanya beranggapan 
bahawa penemuan maklumat rekabentuk yang lewat dalam fasa pengubahsuaian hanya 
memberi impak berskala kecil berbanding pembinaan bangunan baru (Azlan Shah dan Kam, 
201 1  ), narnun ia tetap membawa kesannya yang tersendiri iaitu kecacatan. 
Pengumpulan Data 
Tujuan menjalankan ukur kondisi adalah untuk menilai keadaan rumah, ia bagi mengenal pasti 
tahap kecacatan rumah. Kecacatan biasanya memaparkan gejala awal sebelum menjadi 
semakin teruk dan menyebabkan kegagalan bangunan. (Adi Ifran et.al., 2012). Diagnosis 
kerosakan bangunan (DKB) adalah suatu perkara yang paling penting yang perlu diketahui 
oleh pemeriksa bangunan sebelum mendiagnosis kerosakan bangunan iaitu dengan mengenali 
tanda dan jenis sesuatu kerosakan bangunan tersebut. Seseorang pemeriksa bangunan menurut 
Wordsworth (2001), Watt (2002) dan Ingham (2009) mestilah tahu membuat analisis tentang 
perkara-perkara asas seperti mengenal pasti kesan bagaimana kerosakan bangunan itu boleh 
menonjolkan sifat fizikalnya, tanda bagaimana sesuatu kerosakan bangunan itu boleh berlaku, 
kaedah bagaimana sesuatu kerosakan bangunan itu boleh merebak, sifat bagaimana sesuatu 
kerosakan bangunan itu boleh mempengaruhi lain-lain elemen bangunan dan punca bagaimana 
sesuatu kerosakan bangunan itu datang sama ada dari satu sumber atau pelbagai sumber 
penyumbang. 
Ukur kondisi terbahagi kepada tiga protokol iaitu Protokol I, ditakrifkan sebagai pemeriksaan 
secara visual; Protokol 2, adalah kaedah ujian bukan pemusnah 'non-destructive testing' 
(NDT); dan Protokol 3, kaedah pengambilan sampel I ujian pemusnah 'destructive testing' 
(DT). Kajian terawal telah dibuat oleh Pitt (1997) kemudian dikemaskini dan dipermudahkan 
oleh Adi lrfan (2008) dengan menyediakan kriteria yang direka khusus untuk menilai keadaan 
rumah iaitu Indeks Kecacatan Rumah (!KS) Ishan et.al, (2012). Pitt (1997) dan Alani (2001) 
mencadangkan kedudukan kriteria boleh digunakan untuk mana-rnana jenis bangunan. 
Matriks Condition Survey Protocol CSP (Protokol I) 
Metodoiogi penyelidikan terbahagi kepada dua proses utama iaitu pemeriksaan fizikal keadaan 
bangunan dan analisis data yang dikumpulkan. Maksud pemeriksaan visual ialah penggunaan 
deria penglihatan sebagai medium penyiasat. Pemeriksa bangunan akan mencatat dan menilai 
hasil pemeriksaanya menggunakan borang semak dan bantuan sebuah kamera digital dengan 
kemudahan zoom yang ringkas sudah memedai (Ahmad, 2004). Namun begitu terdapat 
443 
beberapa peralatan sampingan lain untuk memudahkan pengukuran digunakan seperti lampu 
suluh, feeler gauges (untuk mengukur lompang, celah dan retak kecil), dan pita ukur. 
Ukur kondisi pemeriksaan Matriks CSP (Protokol I) telah digunapakai didalam kajian bertajuk 
The Development of Smart School Condition Assessment Based on Condition Survey Protocol 
(CSP!) Matrix: A Literature Review oleh N. Harnzah et. al. (2010) dan kajian oleh Ishan Ismail 
et. al. (2012) bertajuk Pembangunan Indeks Kecacatan Rumah Bagi Perumahan Teres. CSP! 
digunakan untuk menilai keadaan rumah. 
Setiap kecacatan direkodkan mengikut perincian CSPI, setiap kedudukan penilaian keadaan 
akan didarabkan dengan kedudukan pelilaian keutamaan untuk menentukan matriks prestasi 
rumah. Skor berwarna hijau, kuning atau merah kemudian digunakan untuk menunjukkan skor 
dalam setiap satu daripada 3 parameter sama ada memerlukan tindakan rancangan 
penyelenggaraan, perhatian pemantauan keadaan dan ditahap serius (lshan et.al., 2012). 
Setelah selesai proses di atas tadi maka, segala maklumat akan dimasukkan ke dalam helaian 
"exeutive summary" iaitu helaian yang menyatakan keputusan hasil ukur kondisi tersebut. 
Kaedah analisis ini menjadikan ia mudah untuk mengenal pasti tahap keseriusan setiap 
kecacatan semasa pemeriksaan rumah dengan adanya "exeutive summary" berbanding kaedah 
tradisisonal yang memerlukan penyediaan laporan yang panjang serta agak kabur (N. Hamzah 
et.al, 20 I 0). 
Protokol 2 Ujian Bukan Pemusnah 'Non-destructive Test' (NDT) 
Pengukuran ini bertujuan untuk menguji kekuatan komponen atau struktur rumah terutama 
yang diperbuat daripada konkrit, keluli dan kayu (Ahmad, 2004). Ia dilakukan untuk 
mengetahui kadar dan punca lenturan, anjakan 'displacement' berlaku dan ketidakpastian 
terhadap sesuatu kerosakan (Singh, 1996). Penggunaan alatan ultrasonik (Singh, 1996) untuk 
mengesan sama ada struktur atau komponen tertentu telah hilang kekuatanya dan ke arah mana 
garisan kelemahan wujud. Ia menjimatkan masa dan kos 
Kekuatan komponen rumah dapat diuji menggunakan pelbagai kaedah kejuruteraan seperti 
ultrasonoc pi/se velocity UPV, rebar locater test, half-cell test, Windsor probe dan Schmidt 
Hammer digunapakai. Ujian Pundit menggunakan teknik UPV berpandukan B.S. 1881 :  Part 
203 yang terdiiri daripada dua transduser 54 KHz iaitu transduser penghantar dan juga 
transduser penerima, dan bar penentu ukur. Ia bagi menilai mutu kekuatan konkrit dengan cara 
halaju denyutan ultrasonik terhadap masa perjalanan melalui elemen yang diuji, ketepatan 
ukuranya adalah penting. 
Ujian Pundit pula menggunakan kaedah pemeriksaan halaju denyutan 'ultrasound'. Ujian ini 
penting bagi menilai kualiti dan kekuatan konkrit pada elemen lantai, tiang, rasuk dan dinding 
semasa. Julat halaju denyutan yang terdapat dalam konkrit adalah 3.6-5 km s' (Neil, 1996, 
hlmn.267). Jarak dan masa laluan boleh memberikan ketepatan dalam lingkungan ± 1 %. 
Terdapat tiga kaedah mengukur halaju denyutan pada konkrit, ia bergantung kepada cara 
penyusunan transdusernya iaitu kaedah penyusunan transduser berlawanan arah, kaedah 
transduser disusun bersebelahan dan kaedah transduser disusun bersebelahan (Neil, 1996). 
Ujian kekuatan konkrit menggunakan peralatan Schmidt Hammer berpandukan B.S. 1 88 1 :  Part 
202. Kekuatan struktur mampatan konkrit bergantung kepada pantulan semasa ketukan 
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dilak:ukan. Nilai kekuatan konkrit akan diplot pada graf lengkungan mengikut bilangan 
pantulan yang dihasilkan. Semasa penentuukuran, silinder Schmidt Hammer hendaklah 
dipegang dengan kuat tanpa sebarang pergerak:an untuk mendapatkan ukuran yang tepat (Neil, 
1996). Ini penting bagi memastikan konkrit masih lagi mempunyai kekuatan rekabentuk yang 
dianggarkan. Kekuatan mampatan konkrit yang direkabentuk kebiasaanya adalah 30Mpa 
hingga 40Mpa masing-masing untuk tiang dan lantai (Neil et. al., 1996, hlmn.265). 
Hasilan ujian ini amat penting untuk mengenali jenis, simpton kecacatan rumah dan bagaimana 
sesuatu bahan bertindak: atau menjadi pemangkin kepada sesuatu kerosak:an (S. Johar, 2011) .  
Kepentingan Kajian 
Kaedah ukur kondisi dilak:ukan bertujuan untuk mendapatkan klasifikasi jenis dan tahap 
kecacatan komponen-komponen pada rumah yang dikaji. Teknik pengukuran matriks !KR CSP 
Protokol 1 dan NDT Protokol 2 digunapak:ai untuk menentukan !KR keseluruhan bagi projek 
perumahan (Adi Irfan et. al., 2011 ) .  
Kepentingan kajian ini adalah sebagai panduan awal kepada pemilik rumah sebelum 
bekerjasama. Kualiti rumah adalah penting kerana ia juga dikaitkan dengan kualiti hidup 
penduduk (Nurizan Yahaya, 1998), juga untuk memberi gambaran I panduan kepada pengamal 
binaan dalam menimbang beberapa fak:tor berkaitan proses pengubahsuaian agar ia tidak 
memberi impak negatif pasca pengubahsuaian serta bagi mengenalpasti masalah yang bakal 
timbul. Memberi gambaran kepada pihak pemaju, kontraktor dan agensi kerajaan terhadap 
kecacatan utama pembinaan rumah juga bagi memastikan prestasi yang lebih baik dapat 
dicapai semasa dan selepas proses pengubahsuaian dijalankan dan bagi mengelakkan 




CSP Protokol 1 
l 
Ujian NOT Protokol 2 
(Analisis Data & Perbincangan) 
! 
Rumusan 
Rajah 1 :  Carta Aliran Metodologi Kajian 
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Rumusan 
Kelestarian pembinaan rurnah mampu memberi impak positif kepada konsep bangunan hijau di 
Malaysia. Pengamal binaan berperanan untuk memangkinkan kualiti pengubahsuaian rumah 
dengan mengurangkan masalah yang timbul antara pengamal binaan dan pemilk rumah 
berkenaan kualiti rumah yang disediakan dan mengelakkan wujudnya halangan ketidakpastian 
berbanding mengendalikan projek pembinaan baru. Ini kerana penglibatan kedua-dua protokol 
ukur kondisi akan menghasilkan indeks prestasi pengubahsuaian rumah dengan lebih tepat 
untuk digunapakai oleh pengamal binaan, ia bagi memastikan pemilik rumah tidak merasai 
impak negatif akibat pengubahsuaian rumah dan tidak menganggu emosi mereka. 
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Abstract. The concrete structure is the main component to support the structure of the building, but when concrete has been used 
for an extended period hence, it needs to be evaluated to determine the current strength, durability and how long it can last. The 
poor quality of concrete structures will cause discomfort to the user and , the safety will be affected due to lack of concrete 
strength. If these issues are not monitored or not precisely known performance, and no further action done then, the concrete 
structure will fail and eventually it will collapse. Five units of terrace houses that are built less than 10 years old with extension or 
renovations and have cracks at Taman Samar lndah, Samarahan, Sarawak have been selected for this study. The instrument used 
in this research is Ultrasonic Pulse Velocity (UPV), with the objective to determine the current strength and investigate the 
velocity of a pulse at the concrete cracks. The data showed that the average velocity of the pulse is less than 3.0 km/s and has 
shown that the quality of the concrete in the houses too weak scale I doubt in the strength of concrete. It also indicates that these 
houses need to have an immediate repair in order to remain secure other concrete structures. 
INTRODUCTION 
In general, the evaluation of the ability of structures is still less popular practiced in Malaysia. This is because it 
is not specified in the Uniform Building By-Laws (UBBL) or other specifications that define the period of time to 
carry out an assessment of reinforced concrete structures. Normally, developers, contractors and users assume that 
the reinforced structure is durable and rare defects or deterioration of strength. This assumption is less precise. The 
importance of concrete strength inspection is not only on the structure strength but also to ensure the life of 
continuous structure usage, for the sake of developer's and users as well as guaranteeing the quality of construction. 
The final impact on users is property loss and can result in injury or death, while for developers and contractors, 
the result of this construction will reflect the quality of work and their image. 
There are various of substance used as the structure in a house. The reinforcement concrete structure is widely 
used in construction as it gives more advantages compare to other structures in compressive and strain strength as 
well as heat resistance. The reinforcement concrete structure can fail due to loss of strength, durability and 
mechanical failure. For example, when the reinforcement concrete structure has some defects, corrosion will occur 
and spread to cause cracks, coating detachment together with a loss of concrete-steel strength. Cracks cause water to 
flow inside the concrete and will cause the reinforcement steel structure to erode. The poor concrete mixture and not 
enough reinforcement steel foundation lead to a crack of a concrete structure when it carries overload weight or has 
internal defects. Therefore, the concrete reinforcement structure needs to be evaluated in order to determine the 
quality, integrity, density, uniformity or level and types of flaws. 
However, if there is a decrease in the compression strength of the concrete structure, it will not be solid, has 
cracks and other defects. The defects show the performance of the concrete. Early detection of any crack is 
substantial. It can prevent bigger or more serious problems. But, if the problems fail to be solved quickly, the 
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buildings and houses can be severely damaged then in the future collapse. Defects and failures in certain aspects can 
lead to loss of quality and integrity of the concrete structure. 
I. I Non-destructive test (NDT) 
The non-destructive test (NOT) is a technique that is used in the civil/structural engineering, and also forensic. 
NOT is widely used to evaluate and determine materials property, systems as well as the components. This test can 
effectively reduce time and cost as it will not cause any damage [I] . A variety of instruments can be used for NOT 
but 'Pundit Ultrasonic Pulse Velocity' (UPV) is used for this research. The non-destructive measurement has proved 
to be of real importance in all constructions and as an effective tool for inspection of concrete quality in concrete 
structnres [2]. 
This measurement is intended to test the strength of the component or structure which made of concrete, steel 
and wood [3]. It was conducted to determine the rates and causes of bending displacement occurs and the 
uncertainty of a malfunction. The use of ultrasonic instruments will be known whether the structure or a particular 
component has lost strength and the direction in which the lines of weakness exist. 
1.2 Ultrasonic Pulse Velocity' (UPV) 
UPV is used to evaluate the quality of the concrete structure, measure concrete uniformity and the property of 
concrete. Besides that, UPV can also be used to measure transit time, void presence, depth of cracks or the modulus 
of elasticity. [4] reported that the pulse velocity is a good instrument to evaluate the concrete strength and its quality. 
The UPV equipment (e.g. PUNDIT) includes a transducer, a receiver and an indicator for showing the time of 
travel from the transducer to the receiver. Ultrasonic pulse uses fast potential changes to create vibration that leads 
to its basic frequency. The transducer is firmly attached to concrete surface to vibrate the concrete. The pulses go 
through the concrete and reach the receiver [5]. 
There are many types of research regarding the UPV, for example, [6] studied about the ultrasonic velocity for 
the high mineral concrete mixture. The NOT has been conducted using UPV to establish the relationship between 
the compact strength of the concrete used in Algeria [ l]. [2] reported that the UPV test has been used to evaluate the 
small pieces of limestone. [7] used UPV test to expose the estimation in the strength increment of concrete and able 
to produce a better result. A literature survey [8] in using non-destructive methods used for concrete testing 
summarized the benefits of NOT. However there is not any standard correlation between concrete compressive 
strength and the ultrasonic pulse velocity and this matter was controlled by many aspects [9]. 
PROBLEM STATEMENT 
Almost 82 percent of owners in housing scheme was renovated [10] . Most of the houses that have been 
renovated to show various perspectives such as the house cannot survive longer, the quality aspect, and the aesthetic 
properties are affected, showed defects to design of the facade and side effects to the neighbor's residential units 
[10]. Among the several factors that have been identified, the developer failed to take into consideration the current 
buyers needs while architects were not doing some study of the requirements of potential buyers, especially for 
providing the perfect space and comfortable, the original design of the house is not convenient unhappy with the 
quality of the home and their services provided [I0-13]. 
However there is also the quality of construction of new houses was low and did not reach an acceptable 
standard (14). This issue will have an impact if the owners do home renovations because the house already existing 
defects. Previous study [12] found that 63% of new terrace houses that are at medium scale damaged. This 
inspection showed that the assumption of damage to the house after the renovation may occur and require proper 
observation. 
Applicability mistakes due to lack of knowledge, the occurrence of short circuits due to miss-splicing during the 
renovation [3), poor quality of construction work due to lack of experience and labor inefficiencies and generally 
only assume that the discovery of information late in the design phase of the renovation of an impact only on a small 
scale against the construction of a new building [ 15] , but it still carries a distinctive impact of disability. 
In the real estate construction industry, among the main decision-makers are developers, architects, contractors, 
local authorities, project managers, academics, users and clients. The issues above should be taken seriously by all 
parties, especially the owner of the residence. Inspection of the new building is ready to be carried out, to ensure 
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respect building standards and free of defects. However, this research shows that it still less a study on the quality of 
the result of the renovation process. 
METHODOLOGY 
Safety is the most important factor in the assessment of the ability of law of a structure. Assessment ability of 
this structure will be designed to identify the causes, evaluation and action. Identifying the causes will include the 
process of gathering data and development records, in-depth in situ observation, non-destructive tests and also 
laboratory tests. Development records are needed to identify the grades, types and life of concrete used as well as 
designs, construction purpose together with contractors involvement. 
All of the information is crucial in comparing the strength of original design strength with current strength so 
that the prediction of concrete strength can be made. The design information and its function are needed to detect 
critical locations which always threaten reinforcement concrete strength. Information about a contractor is very 
important to get a picture of real construction in progress. 
In-situ detail observation is an effective technique to get a clear picture of current concrete strength. Usually, 
photos from the site are obtained as a prove and to record the planning and further assessment. Thorough 
observation enables the researchers to predict the causes of strength and failure at the same time planning 
appropriate evaluation techniques. Samples from the structure can be taken for further examination. 
In the first stage, visual inspection of the concrete is done before any non-destructive test. This visual test gives 
information regarding concrete damages, the causes and types of suitable NDT for further investigation. The visual 
inspection is done by an experienced civil engineer that can interpret all the data of the damaged concrete structure. 
The evaluation technique that has been used for this research is a non-destructive test (NDT) which in an early 
phase. The aim is to determine the strength of the current concrete structure and identify the critical locations. The 
NDT test can only give estimation of the structure ability but not the cause of defects. 
In the second stage, all the structural elements that have crack lines on five units of the terrace houses were 
identified. The lines were recorded according to the certain codes in the record forms. Photo I shows the crack lines 
in one of the columns. 
The action is the flual step in the evaluation of structure capacity. It needs to consider other factors such as 
technique compatibility, expertise availability, existing facilities, costs and times involvement. Action will not end 
with repair and renovation only, but it also involves maiutenance and continuous observation in the likelihood 
presence of structural changes. 
Taman Samar Indah, Samarahan, Sarawak is a sample of terrace houses that less than 10 years old which have 
been investigated on strength and concrete solidity. The beam structures, slabs and columns on five units of houses 
were investigated. These houses have undergone extensive renovation and have cracks on the structure elements. If 
the element structures in a reinforcement concrete structure are in good condition, the cracks problem in extension 
section will not appear. This research also specified the current performance of the reinforcement concrete structure. 
Column structure, slabs and concrete beams are the structure elements with measurement of 300 x 300 x 3000 
mm (columns), 150 mm (slab depth) and 450 x 300 mm (beam size). 
UPV technique is based on measurement of compression wave velocity and the travel velocity inside solid 
material which relies on density and elasticity value of a substance. The instrument comprises of transducer and 
receiver. The transducer will transmit pulse wave while the receiver will collect wave and indirectly measure the 
velocity of the wave. The concrete surface must not be coarse so that the transducer can be placed properly. Data 
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collected is analysed with method explain in BS 188 1 :  Part. 203 and [5). In this research, UPV data for the 
reinforcement concrete structure is conducted only with indirect and semi-direct. This is due to the horizontal 
position or same face of the slab and beam structures, meanwhile columns through adjacent faces. Pulse velocity 
data, the length of cracks, transit times and elastic modulus are directly obtained from UPV instrument for each 
crack line. 
RES UL TS AND DISCUSSIONS 
UPV can be used not only in concrete but also woods, ceramics, cast irons, geology specimens, and others. UPV 
is classified into three categories of the testing methods; direct test, non-direct test, and partial test. UPV is used to 
evaluate the quality of concrete for different component structures such as the beam, columns, roofs' frameworks 
and slabs [ 10). Meanwhile, concrete with density of2400 kg/m' is considered excellent for 2: 4.5 km/s, good for 3.5 • 
4.5 km/s, doubtful for 3.0-3.5 krn/s, weak for 2.0·3.0 km/sand very weak for :S 2.0 km/s [ 1 1 ) .  Besides that, (12), 
also describe that the minimal value for the high quality of concrete is from 4.1 to 4.7 km/s. As BS: 188 1 :  Part 203, 
quality of concrete can be classified according to Table I. 
TABLE 1 Classification of concrete quality ratings based on UPV test according to BS: 1881: Part 203. 
Pulse Velocity (km/s) Concrete Quality (Ratings) 
� 4.5 Excellent 
3.5 -4.5 Good 
J.0- 3.5 Medium 
2.0. 3.0 Doubtful 
:5 2.0 Ve Weak 
Table 2 and Chan I shows the result of UPV test for transit time, the length of crack lines and pulse velocity. 
There is a total of 27 crack lines for all 5 units of houses. Only one line of crack identified at the beam component in 
the third house. Eleven crack lines with diameter of 0.3 - 2 mm detected in the columns. The length is about 138 - 
20 IO mm, with the third house, have the longest crack line. The second house has the scale very weak quality of 
concrete in the column elements because it has pulse velocity average of0.71 km/s. Meanwhile, the fifth house has 
an average value of 1.58 km/s (doubtful), first house has an average of 1.88 km/s (doubtful), the third house has an 
average of 3.38 km/s (medium) and lastly the fourth house has no crack line in the column structures. This shows 
that three houses have doubtful concrete quality with the value below 3.0 km/s according to the BS: 188 1 :  Pan 203. 
There are 15 crack lines on the slab components with the width range from I - 6 mm while the length ranges 
from 220 - 2570 mm. The fastest transit time is detected on the fifth house at 857 µsec and pulse velocity of 1.83 
km/s. Overall, only the first house got a rating of moderate of concrete quality with 3.34 km/s while, the second to 
fifth houses have a value of2.77 km/s, 1.5 krn/s, 1.39 km/sand 2.19 krn/s respectively is on the scale of doubtful 
and very weak. 
The pulse velocity in concrete structures decreases if there are obstacles such as air holes, cracks or other defects. 
From the results, the integrity of concrete in all the houses is classified as very low with very doubtful strength. This 
is because the average value obtains on the column and slab structures only 2.35 km/s and 2.24 km/s respectively 
which are lower than a meduim level of3.0 km/s. 
020043-4 
TABLE 2 Data seread for each element using UPV test. 
House Element Crack Crack Crack Transit Time Pulse Velocity Concrete Quality 
No. Structure No. Width Length (µsec) (km/s) Level 
mm) mm) 
H I  Column I 0.85 380 330.5 1.15 Very weak 
2 0.37 1237 394.4 3.13 Medium 
� 3 0.80 388 281.5 1.37 Very weak 
H 2  Column I 0.50 310 349.8 0.89 Very weak 
2 0.59 328 507.1 0.65 Very weak 
3 1.28 270 466.2 0.58 Very weak 
H 3  Column I 0.24 1166 275.4 4.23 Good 
2 0.70 2010 587.5 3.42 Medium 
H S  Column I 1.95 296 155.9 1.90 Very weak 
2 0.31 138 105.3 1.31 Very weak 
3 0.79 180 116.7 1.54 Very weak 
H I  Slab I 3.77 1580 369.7 3.98 Good 
2 3.25 1270 373.2 3.40 Medium 
3 2.36 750 285.4 2.63 Doubtful 
H Z  Slab I 6.27 1970 566.2 3.48 Medium 
2 3.25 650 195.1 3.33 Medium 
3 6.35 800 544.2 1.47 Very weak 
4 4.35 1290 459.1 2.81 Doubtful 
H J  Slab I 1.12 280 133.1 2.10 Doubtful 
2 1.02 220 236.8 0.93 Very weak 
3 2.07 270 183.7 1.47 Very weak 
H 4  Slab I 1.72 700 640.6 1.09 Very weak 
2 1.90 686 381.3 1.79 Very weak 
H S  Slab I 3.27 1570 857 1.83 Very weak 
2 1.59 870 633.2 1.37 Very weak 
3 3.38 2570 164 3.36 Medium 
H J  Beam I 2.25 300 329 0.91 Very weak 
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CONCLUSION 
From the research data, we conclude that the mean value of velocity is 2.08 km/s which is far from the excellent 
category of concrete quality. It falls in a doubtful category or weak that is less than 3.0 km/s which is less than 
acceptable value. Less than 30 % of the reinforcement concrete structure is in medium and good categories for all 
the elements. Therefore, the house owners are advised to do repair and restoration immediately to ensure the safety 
of consumer as well as other structures remain secure. 
Pundit testing tool has been used to evaluate the concrete structure is not enough to obtain compressive strength 
to confirm the reinforcement concrete true performance. Perhaps, rebound hammer instrument can be used together 
in this test. 
From the interview during UPV is carried out, most of the house owners employed craftsman service or 
contractor which are not registered with Construction Industry Development Board Malaysia CIDB and Contractor 
020043-5 
Service Centre. They mostly consist of family members and friends who have limited skills and collaborated in 
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Abstract 
The concrete structure is the main component to support the structure of the 
building, but when concrete has been used for an extended period hence, it 
needs to be evaluated to determine the current performance of the concrete 
structure. The poor quality of concrete structures will cause discomfort to the 
user and the safety will be affected due to lack of concrete strength. If these 
issues are not monitored or not precisely known performance, and no further 
action done then, the concrete structure will fail and eventually it will collapse. 
Five units of terrace houses that are built less than 10 years old with extension 
or renovations and have cracks appear have been selected for this study. The 
instrument used in this research is Ultrasonic Pulse Velocity (UPV), with the 
objective to determine the current strength, investigate the pulse velocity of the 
concrete and to determine the depth of crack line. The data showed that the 
average velocity of the pulse is less than 3.0 km/s and has shown that the 
quality of the concrete in the houses are too weak scale I doubt in the strength 
of concrete. It also indicates that these houses need to have an immediate repair 
to remain secure other concrete structures. 
Keywords: UPV, Concrete structure, Cracks, Building performance. 
1. Introduction 
In general, the evaluation of the ability of structures are still less popular practiced 
in Malaysia. This is because it is not specified in the Uniform Building By-Laws 
(UBBL) or other specifications that define the period to carry out an assessment of 
reinforced concrete structures. Normally, developers, contractors and users assume 
that the reinforced structure is durable and rare defects or deterioration of strength. 
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This assumption is less precise. The importance of concrete strength inspection is 
not only on the structure strength but also to ensure the life of continuous structure 
usage, fur the sake of developers and users as well as guaranteeing the quality of construction. 
The final impact on users is property loss and can result in injury or death, 
while for developers and contractors, the result of this construction will reflect the 
quality of work and their image [I] .  
There are several of substance used as the structure in a house. The 
reinforcement concrete structure is widely used in construction as it gives more 
advantages compare to other structures in compressive and strain strength as well 
as heat resistance. The reinforcement concrete structure can fail due to loss of 
strength, durability and mechanical failure. For example, when the reinforcement 
concrete structure has some defects, corrosion will occur and spread to cause 
cracks, coating detachment together with a loss of concrete-steel strength. Cracks 
cause water to flow inside the concrete and will cause the reinforcement steel 
structure to erode. The poor concrete mixture and not enough reinforcement steel 
foundation lead to a crack of a concrete structure when it carries overload weight or 
has internal defects. Therefore, the concrete reinforcement structure needs to be 
evaluated to determine the quality, integrity, density, uniformity or level and types offlaws. 
However, if there is a decrease in the compression strength of the concrete 
structure, it will not be solid, has cracks and other defects. The defects show the 
performance of the concrete. Early detection of any crack is substantial. It can 
prevent bigger or more serious problems. But, if the problems fail to be solved 
quickly, the buildings and houses can be severely damaged then in the future 
collapse. Defects and failures in certain aspects can lead to loss of quality and 
integrity of the concrete structure. 
I. I. Non-destructive test (NDT) 
The non-destructive test (NDD is a technique that is used in the civil/structural 
engineering, and forensic. NDT is widely used to evaluate and determine materials 
property, systems as well as the components. This test can effectively reduce time 
and cost as it will not cause any damage [I] .  A variety of instruments can be used 
for NDT but 'Pundit Ultrasonic Pulse Velocity' (UPV) is used for this research. 
The non-destructive measurement has proved to be of real importance in all 
constructions and as an effective tool for inspection of concrete quality in concrete 
structures [2] and [3]. 
This measurement is intended to test the strength of the component or structure 
which made of concrete, steel and wood [4]. It was conducted to determine the 
rates and causes of bending displacement occurs and the uncertainty of a 
malfunction [SJ. The use of ultrasonic instruments will be known whether the 
structure or a component has Jost strength and the direction in which the line of 
weakness exists [5]. The visual inspection is done by an experienced civil engineer 
that can interpret all the data of the damaged concrete structure [4], [6]. The NDT 
test can only give estimation of the structure ability but not the cause of defects [7]. 
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1.2. Ultrasonic pulse velocity (UPV) 
UPV is used to evaluate the quality of the concrete structure, measure concrete 
uniformity and the property of concrete. Besides that, UPV can also be used to 
measure transit time, void presence, depth of cracks or the modulus of elasticity. 
Hamidian [8] reported that the pulse velocity is a good instrument to evaluate the 
concrete strength and its quality. 
The UPV equipment includes two transducers and an indicator for showing the 
time of travel from the transmitter to the receiver. Ultrasonic pulse uses fast 
potential changes to create vibration that leads to its basic frequency. The 
transducer is firmly attached to concrete surface to vibrate the concrete. The pulses 
go through the concrete and reach the receiver [9]. 
There are many types of research regarding the UPV, for example, Oemirboga 
[10] studied about the ultrasonic velocity for the high mineral concrete mixture. 
The NOT has been conducted using UPV to establish the relationship between the 
compact strength of the concrete used in Algeria [IO] and [I I] reported that the 
UPV test has been used to evaluate the small pieces of limestone. Shariati [3] used 
UPV test to expose the estimation in the strength increment of concrete and able to 
produce a better result. A literature survey in using non-destructive methods used 
for concrete testing summarized the benefits of NOT [ 12]. However, there is not 
any standard correlation between concrete compressive strength and the ultrasonic 
pulse velocity and this matter was controlled by many aspects [13] .  
UPV can be used not only in concrete but also woods, ceramics, cast irons, 
geology specimens, and others. UPV is classified into three categories of the 
testing methods; direct test, indirect test, and partial test. UPV is used to evaluate 
the quality of concrete for different component structures such as the beam, 
columns, roofs' frameworks and slabs [2). Meanwhile, concrete with density of 
2400 kg/m' is considered excellent for > 4.5 krn/s, good for 3.5-4.S km/s, doubtful 
for 3.0-3.S km/s, weak for 2.0-3.0 km/sand very weak for :S 2.0 km/s [14]. Besides 
that, Jones [7], also describe that the minimal value for the high quality of concrete 
is from 4 . 1  to 4.7 km/s. As BS: 1 8 8 1 :  Part 203, quality of concrete can be 
classified per Table I .  
Table I. Classification of concrete quality ratings 
based on UPV test BS: 1881: Part 203. 
Pulse velocity (km/s) 
=:: 4.5 
3.5 · 4.5 
3.0 • 3.5 
2.0 · 3.0 
:S 2.0 
2. Problem Statement 





Very weak (VW) 
Almost 82 percent of owners in housing scheme was renovated [I SJ. Most of the 
houses that have been renovated to show various perspectives such as the house 
cannot survive longer, the quality aspect, and the aesthetic properties are affected, 
showed defects to design of the facade and side effects to the neighbour's 
residential units [ I SJ. Among the several factors that have been identified, the 
developer failed to take into consideration the current buyers need while architects 
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were not doing some study of the requirements of potential buyers, especially for 
providing the perfect space and comfortable [4], [8] the original design of the 
house is not convenient [15], unhappy with the quality of the home and their 
services provided [ 16]. 
However, there is also the quality of construction of new houses was low and 
did not reach an acceptable standard [17]. This issue will have an impact if the 
owners do home renovations because the house already existing defects. Che Ani 
[6] found as many as 63% of new terrace houses that are at medium scale damaged. 
This inspection showed that the assumption of damage to the house after the 
renovation may occur and require proper observation. 
Applicability mistakes due to lack of knowledge, the occurrence of short 
circuits due to miss-splicing during the renovation [4], poor quality of construction 
work due to lack of experience and labour inefficiencies and generally only assume 
that the discovery of information late in the design phase of the renovation of an 
impact only on a small scale against the construction of a new building [ 18], but it 
still carries a distinctive impact of disability. 
In the real estate construction industry, among the main decision-makers who 
are developers, architects, contractors, local authorities, project managers, 
academics, users and clients (19]. The issues above should be taken seriously by all 
parties, especially the owner of the residence. Inspection of the new building is 
ready to be carried out, to ensure respect building standards and free of defects. 
However, still less a study on the quality of the result of the renovation process 
[20]. 
3. Method 
Safety is the most important factor in the assessment of the ability of structure. 
Assessment ability of this structure will be designed to identify the causes, 
evaluation and action. Identifying the causes will include the process of gathering 
data and records non-destructive tests by using UPV. 
All this information is crucial in comparing the strength of the original design 
with the current strength. Thus, predictions can be made on the strength of concrete 
in the future. Information design and function of the building is required to identify 
critical locations that often threaten the strength of reinforced concrete structures. 
Detailed in-situ observation is an effective method to get an overview of the 
current concrete strength. As usual, photographs will be taken as evidence and 
records for subsequent evaluation work plan. Detailed observation allows 
researchers to predict the causes of force or failure and subsequent planned 
valuation techniques that are appropriate. 
The slabs structures on ninth units of the terrace houses were investigated at 
Taman Samar Indah, Taman Desa Ilmu and Midway Garden at Samarahan, 
Sarawak. The age of samples that has less than IO years have been investigated on 
strength and concrete solidity. These houses have undergone extensive renovation 
and have cracks on the structure elements were selected. 
The aim is to determine the condition of the current concrete structure or the 
evaluation of structure capacity and identify the critical crack line of the slab 
structure. In the first stage, visual inspection of the concrete is done before non- 
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destructive test. This visual inspection gives information regarding concrete 
damages the causes of defects and the crack line. 
In the second stage, all the crack line on the slab structural at the ninth units of 
the terrace houses were identified. The line was recorded per the certain codes in 
the record forms. Fig. I shows the crack line in one of the slab and the method how 
to conduct the experiment. Transducers UPY placed in the range of I 00 mm 
interval in the left and right of the crack line [9]. 
Fig. I. Measuring crack depth by UPY. 
4. Results and Discussions 
Table 2 and Fig. 2 shows the result of UPY test for transit time, the depth of crack 
line and pulse velocity. There is a total of21 crack line for all ninth units of houses. 
Only six lines out of 21 cracks line was identified on the slab structure in the TD!, 
meanwhile TS! with 10 cracks line and MG with 5 cracks line. Ninth crack line 
with more than 1.8 mm width detected on the slab, which is consider as the 
medium-large cracks width (3]. Meanwhile the depth of cracks for the same crack 
line is about 36 to 75 mm depth, with the TSl7. I have the largest crack depth 
(74.84 mm). The current condition of the structure is doubtful with pulse velocity 
(PY) between 1.74 to 2.93 km/s. It illustrates that it is defective due to cracks at an 
alarming rate and need of repair. 
0 
























Fig. 2. Performance of each crack line by using UPY for slab structure. 
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Only cracks width less than 1 .8  mm give the better condition of slab concrete 
structures which is medium condition. Six crack lines give the medium PY in 
between 3.307 - 3.47 km/s, meanwhile another five cracks line represent the good 
condition (3.68 -4.42 krn/s) with cracks width less than 1 .5 mm. Only TSl4. l with 
crack depth I0.91 mm give the excellence condition (4.7 km/s). Schedule or 
regular maintenance are recommended to make sure the structure is always in good 
condition. 
The TS! 7 and TS! 13 has a scale of dubious quality in the concrete slab elements 
with PY average value of 2.4 km/s. The pulse velocity in concrete structures 
decreases if there are obstacles such as air holes, cracks or other defects. From the 
results, the integrity of concrete in all the houses is classified as medium condition. 
This is because the average value obtains on the slab structures is 3 .2 km/s. 
Table 2. Data spread slab structure using UPY test. 
House Crack Crack width Crack depth Pv Concrete 
no. line (mm) (mm) (km/s) guality 
TDI 4.1 RDLI 1.8 39.94 2.74 D 
TDI 4.2 RDL2 1.2 18.57 3.82 G 
TDI 4.3 RDL3 1.8 36.28 2.84 D 
TDI 6 . 1  RDLI 0.5 10.91 4.7 E 
TDI I I . I  RDLI 1.4 26.91 3.49 M 
TDI 11 .2 RDL2 1.4 27.2 3 .13 M 
TS! 4.1 RDLI 1.4 27.04 3.68 G 
TS! 7.1 RDLI 2.5 74.84 1.74 D 
TS! 7.2 RDL2 1.8 39.65 2.97 D 
TS! I I.I ALI 1.4 25.27 3.38 M 
TS! 1 1 . 2  AL2 I 14.59 4.17 G 
TS! 11.3 AL3 I 11 .27 4.42 G 
TS! 13 . 1  RDLI 2 50.25 2.27 D 
TS! 13.2 RDL2 2 46.56 2.36 D 
TSI 13.3 RDL3 1.8 36.81 2.98 D 
TS! 13.4 RDL4 2 47.05 2.22 D 
MG5 . I  RDLl 1.4 26.29 3.32 M 
MG5 .2 RDL2 1.4 27.4 3.26 M 
MG 10. 1  RDLI 1 .8 38.7 2.91 D 
MG 10.2 RDL2 1.2 20.92 3.68 G 
MG 10.3 RDL3 1.4 25.57 3.07 M 
Average 1.5 32.0 3.2 M 
R-square value of 0.9185 in Fig. 3 describe the crack width is directly 
proportional to the depth of the cracks on the slab structure. While Fig. 4 shown the 
R-square is 0.9356, the PY is directly proportional to the width of the crack. The 
wider crack give PY value is small (doubtful condition) otherwise if the narrow 
crack, the PY is given better value (good condition) of the concrete. If the crack 
width is more than 1.5 mm, the value of PY will decrease to below than 3.0 km/sand 
the crack depth is more than 35 mm depth. (Fig. 4) the PY will decrease 3.0 km/s. R­ 
square of Fig. 5 present directly proportional at 0.8892 which is close to 1.0. 
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Fig. 5. Directly proportional PY vs crack depth 
Recommendation of action to overcome of the concrete condition will not end 
with repair only, but it also involves maintenance and continuous observation in the 
likelihood presence of structural changes. 
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5. Conclusion 
From the research data, we conclude that the average value of velocity is 3.2 km/s 
which is far from the excellent category of concrete quality. It falls near to doubtful 
category or weak that is less than 3.5 km/s which is less than acceptable value 
(good condition). Less than 57 % of the structure is in medium and good 
categories. Therefore, the house owners are advised to do repair and restoration 
immediately to ensure the safety of consumer as well as other structures remain 
secure, meanwhile almost 43% of structure element fall in doubtful category of 
structure quality which is less than 30 MPa. The largest crack depth is 78.8 mm 
was representing the weekend structure. Terrace house at TS! and MG are in 
medium condition compare to TD! with the average values at 3 km/s, 3.2 km/sand 
3.5 km/s respectively. 
The conclusion of the research is, if the width of crack line is more than I .5 
mm, it is will present the PV value is in medium condition ( < 3.0 km/s) and show 
the crack depth is almost 35 mm. 
UPV testing tool has been used to evaluate the concrete structure is not enough to 
obtain compressive strength to confirm the reinforcement concrete true performance. 
Perhaps, rebound hammer instrument can be used together in this test. 
From the interview during UPV is carried out, most of the house owners 
employed craftsman service or contractor which are not registered with 
Construction Industry Development Board Malaysia CIDB and Contractor Service 
Centre. They mostly consist of family members and friends who have limited skills 
and collaborated in finishing the renovation task. 
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